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ABSTRACT 
The effects of heating r a t e  and furnace atmosphere 
on four analytical standards were  investigated by DTA and 
DSC. The resu l t s  a r e  presented in both graphical and tabu- 
lar form. 
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EVALUATION O F  ANALYTICAL STANDARDS BY 
DIFFERENTIAL THERMAL ANALYSIS AND 
DIFFERENTIAL SCANNING CALORIMETRY 
BY 
J. P. Evans and K. G. Scrogham 
Brown Engineering Company, Inc. 
SUMMARY 
Differential . . -  thermal analyses have been run on copper 
sulfate pentahydrate, calcium oxalate monohydrate, potassium 
ni t ra te  and s i lver  nitrate under the conditions requested.  
Thermograms a r e  included for each of the analyses .  
DSC runs were a l so  made on the copper ,  potassium, 
and s i lver  sa l t s .  Heats of inversion and fusion were  de t e r -  
mined for  potassium ni t ra te  and s i lver  ni t ra te  and compari-  
son made between experimental and l i t e ra ture  values.  
INTRODUCTION 
Several  factors a r e  known to affect differential 
thermal  analysis resul ts .  These fac tors  a r e  dependent on 
two types of variables,  instrumental  and sample charac te r i s  - 
t ics .  The effects of two of the instrumental  fac tors ,  heating 
ra te  and furnace atmosphere,  on four inorganic sa l t s  were  
investigated. Copper sulphate pentahydrate, calcium oxalate 
monohydrate, potassium ni t ra te ,  and s i lver  n i t ra te  were 
analyzed on the DuPont 900 Differential Thermal  Analyzer 
using standard procedures.  
These same salts with the exception of calcium oxalate 
monohydrate, were also analyzed on the Pe rk in -E lmer  
Differential Scanning Calor imeter .  
pared with the DSC results.  
DTA resu l t s  were  com- 
The heats  of fusion and inversion for potassium ni t ra te  
and the heat of fusion of s i lver  ni t ra te  were determined a t  a 
heating rate  of 5OC. /min. using the Perk in-Elmer  Differential 
Scanning Calor imeter .  
available l i t e ra ture  values. 
These data were  compared with 
The standard analytical compounds used in this study 
were  supplied by Sadtler Research Laborator ies ,  
Philadelphia, Pennsylvania. 
EXPERIMENTAL --
Differential Thermal  Analvsis 
The DuPont 900 Differential Thermal  Analyzer 
was used for all  DTA experiments.  
equipped with the Standard DTA Cell containing the heating 
block fo r  micro  ( 2  mm) sample tubes. 
The instrument was 
In all analyses the following experimental  proce-  
dure  was followed: 
1 )  The sample tube was tared and the sample 
int roduc ed. 
2 )  The sample and sample tube were weighed 
(t - 0 . 0 5  mg). 
3 )  The sample tube was then tapped until the 
sample occupied al l  visible voids. 
4 )  The thermocouple was inser ted into the center  
of the sample and the sample tube was placed in the 
heating block of the Cell. 
5 )  The procedure for preparat ion of the reference 
mater ia l  (A1203) was identical to that above. 
6 )  F o r  those runs requiring a dynamic a tmosphere ,  
the Cel l  was purged for  a t  l eas t  f if teen minutes with d r y  
nitrogen gas p r io r  to the s t a r t  of the analysis .  
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The specifics for the analysis of each mater ia l  
a r e  outlined below. 
1 ) Copper sulfate pentahydrate 
a )  Run at 5 ,  10, and 15OC. /minute ra te  of 
r i s e  f r o m  ambient to 50OoC. in static a tmosphere ( a i r ) .  
b) Run at  5 ,  10, and 15OC. /minute ra te  of 
r i s e  f r o m  ambient to 50OoC. in dynamic atmosphere 
(N2 a t  1 SCFH for envelope). 
c )  All sample weights were  1.15 m g  - t 0. 05 mg.  
2 )  Calcium oxalate monohydrate 
a)  Run a t  5 ,  10, and 15OC. /minute ra te  of 
r i s e  f r o m  ambient to 50OoC. in dynamic atmosphere 
(N2 at 1 SCFH for envelope). 
b) Run at 5 ,  10, and 15OC. /minute r a t e  of 
r i s e  f r o m  ambient to 50OoC. in dynamic atmosphere 
( a i r  a t  1 SCFH for envelope). 
3) 
c )  All sample weights were  1. 60  mg - t 0.15 mg. 
Potassium nitrate 
a )  Run a t  5OC. /minute ra te  of r i s e  f rom 
ambient to 35OoC. in static a tmosphere ( a i r ) .  Sample 
was allowed to cool to ambient temperature  with thermo- 
couple in place and rerun under identical experimental  
conditions. 
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The Pe rk in -E lmer  DSC -1 Differential Scanning 
Calor imeter  was used for  a l l  DSC experiments .  
instrument was calibrated a t  each heating ra te  using 
indium, tin, and lead. The melting points of these 
m a t e r i a l s  a r e  429OK., 505OK., and 600°K. respectively.  
Calibration was ca r r i ed  out to within lo of these t empera -  
t u re  s .  
The 
b) Procedure  a )  was repeated with a new 
sample for heating r a t e s  of 10 and 15OC. /minute.  
c )  Al l  sample weights were 1. 65 mg. 
4) Silver ni t ra te  
a )  Run at 5OC. /minute ra te  of r i s e  f rom 
ambient to 25OoC. in  s ta t ic  a tmosphere (a i r ) .  
was allowed t o  cool to ambient tempera ture  with 
thermocouple in  place and r e r u n  under identical  experi-  
mental  conditions. 
Sample 
b) Procedure  a )  was repeated with a new 
sample for  heating r a t e s  of 10 and 15OC. /minute.  
c )  A l l  sample weights were  3 . 4 0  mg - t 0.05 mg. 
Differential Scannine Calor imet rv  
In all  analyses the following experimental  p roce-  
du re  was followed: 
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1 )  The sample pan was ta red  and the sample 
introduced. 
2 )  The sample and sample pan were  weighed 
(t - 0.05  mg).  
3 )  The pan lid was cr imped into place a s  pe r  
the manufacturer ' s  instructions.  
4) The reference side of the cel l  contained an  
empty pan and lid for  all runs.  
5 )  For  those runs requiring a dynamic a tmosphere ,  
the ce l l  was purged for a t  l eas t  fifteen minutes with d r y  
nitrogen gas p r io r  to the s t a r t  of the analysis.  
The specifics for the analysis of each mater ia l  
a r e  outlined below. 
1 ) Copper sulfate pentahydrate 
a )  Run a t  5 ,  10, and 2OoC. /minute ra te  of 
r i s e  f r o m  ambient t o  50OoC. in s ta t ic  a tmosphere ( a i r ) .  
b) Run at 5 ,  10, and 2OoC. /minute ra te  of 
r i s e  f rom ambient to 50OoC. in dynamic atmosphere 
(N2 a t  30 cc/minute  for envelope). 
c )  Al l  sample weights were 3 .  5 mg t 0.1  m g .  - 
2 )  Potassium nitrate 
a)  Run a t  5OC. /minute ra te  of r i s e  f rom 
ambient to 35OoC. in static a tmosphere (air) .  Sample 
was allowed to cool to ambient tempera ture  in the cel l  
and r e run  under identical experimental  conditions. 
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b)  Procedure  a )  was repeated with a new 
sample for  heating r a t e s  of 10 and 2OoC. /minute. 
c) A l l  sample weights were  3 .  5 mg t 0 . 1  mg. -
3)  Silver ni t ra te  
a )  Run at 5OC. /minute r a t e  of r i s e  f rom 
ambient to 25OoC. in s ta t ic  a tmosphere  (air). Sample 
was allowed to cool to ambient tempera ture  in the cel l  
and rerun under identical  experimental  conditions. 
b) Procedure  a )  was repeated with a new 
sample for heating ra tes  of 10 and 2OoC. /minute.  
c )  All sample weights were  3 .  5 mg t 0.1 mg.  - 
Heats of Fusion 
The heats  of inversion and fusion for potassium 
ni t ra te  were determined along with the heat  of fusion of 
s i lver  nitrate.  
cate but only a t  a heating ra te  of 5 O C .  /minute.  
"standards" prevented fur ther  investigation at higher 
r a t e s .  
these experiments to prevent  volatilization. 
weighed before  and af te r  analysis  to a s s u r e  constant weight. 
Range setting (4x) and char t  speed (15 o r  30 c m / h r .  ) were  
These determinations were  made in dupli- 
Lack of 
Hermetically sealed sample pans were  used in  
Samples were  
selected to give peak a r e a s  in the range 25 to  85  c m  2 . A l l  
a r e a s  were determined using a K & E Compensating Po la r  
6 
Plan ime te r ,  each a r e a  being measured  a t  l ea s t  twice. 
The a r i thmet ic  average of all measurements  on each 
peak was taken a s  the peak a r e a .  
Calibration of the power input to the sample 
was performed by measurements  of the heat  of fusion 
of indium (AHf = 6. 80 cal /gm).  
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RESULTS AND DISCUSSION 
D TA 
The resul ts  of a l l  DTA experiments a r e  tabulated 
in Tables I through IV and shown on pages 21 through 44 
in Appendix A. 
pentahydrate shows the dehydration to  be insensitive to 
ei ther  atmosphere o r  heating r a t e ,  
however, for  the decomposition reaction, 
heating rate causes  an elevation in peak tempera ture  in 
both air and nitrogen a tmospheres ,  
Analysis of the data on copper sulfate 
This i s  not the case ,  
An increase  in 
Analysis of the calcium oxalate monohydrate data 
shows the peak tempera tures  to be relatively insensitive to  
e i ther  atmosphere o r  heating rate .  
Potassium ni t ra te  was run in a i r  and then r e run  
at each heating rate .  
melting temperature  a r e  insensitive to heating ra te  and 
reproducible f rom run to run. 
The inversion temperature  and the 
Data analysis shows this i s  not the case  with s i lver  
The inversion is permanent and non-reversible  ni t ra te .  
and therefore is not observed upon rerunning the sal t .  
The fusion tempera ture ,  however, is found to be constant. 
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TABLE I 
. DTA of Copper Sulfate Pentahydrate 
Run No ,  
L 
SRL-1 
SRL-2 
I ’  
1 
SRL-3 
SRL-4 
SRL-5 
SRL-6 
a 
AT Sensitivity, 0 . 5 ’ ~ .  / in .  
9 
~~~ 
Run No. 
~ ~~ 
SRL-10 
SRL-11 
SRL-12 
SRL-7 
SRL-8 
SRL-9 
TABLE I1 
DTA of Calcium Oxalate Monohydrate 
Wt. 
(mg.  1 - 
1. 70 
I. 55 
1. 60 
1. 45 
1. 45 
1. 45 
5 
10 
15 
5 
10 
15 
a 
A T  Sensitivity, 0 . 5 ' ~ .  /min. 
Atmosphere 
Ai r  
X 
X 
X 
- N2 -
X 
X 
X 
Tempera ture  OC. a 
Onset Peak 
224 
226 
2 34 
21 6 
232 
233 
239 
240 
244 
236 
243 
244 
10 
TABLE I11 
S R L - ~ ~  
SRL-17 
SRL-18 
a 
DTA of Potassium Nitrate 
1. 65 
1. 65 
1. 65 
1 
SRL-13 1. 65. 5 
SRL-14 1.65 5 
SRL-15 1.65 10 
10 
15 
15 
First 
Run 
X 
X 
X 
Rerun  
X 
X 
X 
b 
TemDerature OC . 
L 
Ons et P e a k  
1 3 1  
128 33 1 I 333 
1 2 8  
33 1 
1 2 9  
333 
129 
33 1 
133  
334 
129 
33 1 
129 
33 1 
129 
33 1 
130 
334 
133  
334 
130 
334 
a 
b 
Atmosphere,  Static Air  
AT Sensit ivity,  0. 5OC. /in. 
I I 
SRL-22 3 .40  
SRL-23 3.45 
SRL-24 3.45 
+ 
TABLE IV 
DTA of Si lver  Nitratea 
- 
-- 
F i r s t  
(OC. Rate /Min. ) I Run 
10 I x 
10 
15 X 
I 15 
Temperature  O C .  
Rerun I Onset Peak 
x [I - - -  
207 
164  
207 
X - - -  
206 
165 
208 
X - - -  
207 
m 
209 
167 
209 
- - -  
208 
167 21 0 1 
209 - - -  -1 
- 
a 
b 
Atmosphere, Static Air 
A T  Sensitivity, 0. 5OG. /min.  
12 
DSC 
The resu l t s  of a l l  DSC experiments a r e  summarized 
in Tables V through VII and shown on pages 46 through 6 3  
in Appendix B .  Analysis of the data on copper sulfate 
pentahydrate shows a variation in the tempera tures  at 
which the dehydration is  observed. 
workers  a t  Perkin-Elmer 
the peaks may occur at any temperature  within the range 
of stability of the respective hydrates.  
According to the 
a this i s  to be expected since 
The analyses of potassium ni t ra te  a r e  ve ry  r ep ro -  
ducible a s  shown in the table. 
observed in either heating rate  o r  repeated analysis .  
No significant deviation is 
The excellent reproducibility i s  a l so  observed in 
Again it i s  shown that the inver-  the s i lver  ni t ra te  data. 
sion is permanent and non-reversible .  
Heats of Fusion 
The heat of fusion was determined for  both KNO3 
and AgN03 and i s  shown in Table VIII .  
with the inversion of both salts was a l so  determined. 
The heat associated 
a 
Thermal  Analysis Newsletter No. 7 ,  1967, 
P e  rkin- Elmer  C orpo ration, Norwalk, Connecticut 
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TABLE V 
. 
Run No 
259 
1 
266 
270 
258  
265 
269 
DSC of Copper Sulfate Pentahydrate 
3.5 
3.6 
3 . 5  
3.5 
3 . 5  
Rate 
(OC /Min. ) 
5 
10 
20 
5 
10 
20 
14 
TABLE V I  
# 
Run No 
260A 
P- 
260B 
267A 
~ - 
a DSC of 'Potassium Nitrate ----- 
3 . 5  
3 . 4  
3 . 4  
3 . 6  
3 . 6  
Rate I A T  Sensitivity 
(Mcal. /Sec. ) (OC. /Min. ) 
8 I 5 
5 8 
10 16 
16 lo I 
20 16 
0 
Fir st I P e a k  
Run Rerun Tempera ture ,  C .  
X 133 
334 
X 128 
334 
130 1 I 336 
X 130 
336 
I 
a 
Atmosphere,  Static Air 
15 
TABLE VI1 
DSC of Silver Nitratea 
-- 
Run No. 
262A 
t 
262B 
268A 
268B 
272A 
272B 
I I I 
A T  Sensitivity First 
(mg. lVt' ) I ( O C .  Rate /Min. ) .  I (Mcal. /Sec. ) I Run Rerun 
X 
X 
X 
0 
Peak  
I'empe ra ture  , C . 
1 7 1  
21 1 
- - -  
21 2 
1 6 9  
21 1 
- - -  
21 2 
172  
21 1 
- - -  
21 2 
a Atmosphere,  Static Air 
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TABLE VI11 
Heats of Inversion and -Fusion 
263 AgN03a 2.3 168 - - -  - - -  
264 2.8 169 - - -  - - -  
21 2 
14.5 210 17. 7 208 
d 
263 AgN03 15. 1 21 1 16. 7b 
16.2' 21 0 
a 
b 
Inve r s ion 
Handbook of Chemistry and Phys ics ,  40th. Edition, 1959 
Handbook of Chemistry,  Lange, 9th. Edition 
Handbook of Differential Thermal  Analysis,  Smothers  
C 
d 
and Chang, 1966 
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Analysis of the data on fusion shows a reproduci- 
bility of 470 o r  bet ter  and a variation f rom available 
l i terature  sources  on the o rde r  of 20%. 
available for comparison of the heats of inversion. 
No data was 
18 
CONCLUSIONS 
Differential thermal analysis  has  shown that the 
dehydration of copper sulphate pentahydrate i s  not affected 
by ei ther  heating ra te  o r  atmosphere.  However, the decom- 
position react ion was affected by these two variablea.  
dehydration of calcium oxalate monohydrate was a l so  shown 
to be relatively insensitive to  e i ther  a tmosphere o r  heating 
rate .  
were insensit ive to  both variables a s  was the melting of 
s i lver  nitrate.  However, the s i lver  nitrate inversion was 
found to be permanent and non- reversible .  
The 
The inversion and the melting of potassium ni t ra te  
Differential scanning ca lor imet ry  resu l t s  displayed 
a variation in the dehydration tempera tures  of copper 
sulphate pentahydrate a s  should be expected. The analyses  
of potassium ni t ra te  and silver ni t ra te  by DSC were ve ry  
reproducible in the range of ra tes  investigated. 
The heats  of fusion determined by DSC for  potassium 
ni t ra te  and s i lver  nitrate had a reproducibil i ty of 470 and a 
variation of 20% f rom available l i terature  sources .  
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Appendix A 
List of Thermograms (DTA) 
Copper Sulphate Pentahydrate in  Ai r  at 5OC. /min. 
Copper Sulphate Pentahydrate in  Air  at 10°C. /min. 
Copper Sulphate Pentahydrate in  Air  at 15 C. /min. 
Copper Sulphate Pentahydrate in  N2 at 5OC. /min. 
Copper Sulphate Pentahydrate in  N2 at 10°C. /min.  
Copper Sulphate Pentahydrate in N2 at 15OC. /min. 
Calcium Oxalate Monohydrate in  N2 at 5 C.  /min. 
Calcium Oxalate Monohydrate in N2 at 10 C. /min. 
Calcium Oxalate Monohydrate in  N2 at 15OC. /min. 
Calcium Oxalate Monohydrate in  Ai r  at 5OC. /min. 
Calcium Oxalate Monohydrate in Air  at 10°C. /min. 
Calcium Oxalate Monohydrate in  A i r  at 15OC. /min. 
Po ta s s ium Nitrate at 5OC. /min. 
Po ta s s ium Nitrate Rerun at 5 C.  /min.  
Potass ium Nitrate a t  10°C. /min.  
Po ta s s ium Nitrate Rerun at 10°C. /min.  
Potass ium Nitrate a t  15OC. /min.  
Potass ium Nitrate Rerun a t  15 C. /min. 
Si lver  Nitrate at 5OC. /min. 
Si lver  Nitrate Rerun at 5OC. /min.  
Silver Nitrate at 10°C. /min. 
Silver Nitrate Rerun at 10°C. /min.  
Si lver  Nitrate a t  15OC. /mine  
Silver Nitrate Rerun at 15OC. /min. 
0 
0 
0 
0 
0 
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